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(54) HIGH STRENGTH AND HIGH TOUGHNESS STEEL 

(57)Abstract 

PROBLEM TO BE SOLVED: To provide a high strength and high toughness steel which is suitable as a bar steel 
stock for a bolt a spring or the like without requiring the addition of large quantities of Ni and Cr and special 
thermomechanical treatment. 

SOLUTION: The steel contains, by mass, 0.2 to 2.0% Mn and <3.0% Cr also so as to satisfy Cr/Mn<2.5%, (0.77- 
0.1 2Cr-0.02Mn)% to 0.8% C, <3.0% Si, <0.1% Al, <0.01% P and <0.03% S, and the balance Fe as essential components. 
The steel has a structure essentially consisting of tempered martensite, and the balance retained austenite. The 
average particle size of the old austenite particles is <15 ^m, and, in the structure, undissolved carbides whose 
aspect ratio expressed by a minor axis/a major axis is >0.8, and having a particle size of 0.3 to 0.6 //m are contained 
by >50 pieces in the field of 2,300 J wm2. 
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MHfe^a] mass%-C, Mn : 0. 2%^Mn^2. 
0%, Cr:Cr^3. 0%*OCr/Mn^2. 5, 
C: (0. 77-0. 12Cr-0. 02Mn) %<C 
SO. 8%, Si : S i S 3. OX, Al : Al^O. 
1%, P : P^O. 01%, S : SS0. 0 3 
»«FeS*KttJ«»i:bT^*r-r*. itSt^^r 

5 urn KTtfeO, *oIi4>l;il/ftT 

sans77^* Mta*o. 8£t±-cago. 3~o. 

6 wm 0*gffJpHttft&&9F2 3 0 0 Min 2 *^ 5 0 <@£A 
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[ffij&mi] mass%T, 
Mn : 0. 2 %^Mn^2 . 0 %, 
Cr:Cr^3. 0%AoCr/Mn^2. 5. 
C: (0. 77-0. 12Cr-0. 02Mn) X^C 
^0. 8%, 
Si : S i^3. 0%, 
A 1 : A 1 £0. 1 X. 
P : PiO. 0 1 X, 
S :S^O. 03%, 

0. 3~0. 6 Mm ©5feaMHftflSto*»»2 3 0 0 Mm2 

C«*^2] ££1::, Ni£2. 0%, Moil. 0 
X, Cuil. OX, WSl. 0£«J£-r&N i , M 

[»*B3] SSK, VSO. 01%, Ti^O. 0 
1%, Nb^O. 01%, Hf^O. 01%, Zri 
0. 0 1%, Ta^O. 0 1 %£«S£T5V, Ti, N 
b, Hf, Z r*«ktfTa©l*3©iaeU:££*""3"Sfli 

[»#JB4] £S>lC, (Ca+Mg + REM) ^0. 
0 1%5iSt5Ca, Mg. REMWfttDlSJJUiS: 
^*-T-5rt*JS 1 *» 5 3 ©V»fftj&» 1 JRK*bfcK5SflE 

[ff*iS5] fflf*5il*»6 4 0V»m*»l WrE«S 

HB91©l&MftK9i] 
[0 0 0 1] 

s. 

[0 0 0 2] 

<5. Jj?;i/hffl**fTtt3l3B3ftS 1 2 0 0-2 0 

OOMPa (Dy ^^ifCl^MT'HRC 3 9~5 
4) , 6 0 0~2 2 0 OMP a (HRC 

ifTHRC47~58) QttAtfBSJlT^S. 
[0 0 0 3] ttmmtLT-?)\/y L >V'( h§H#*"Jffl£ 
BS3£Sfl;©^*£LTj^&lt!l5§1<H : >, 0ft 



*0, «tta#Otttt*»«>-6ii:38««*W&a«*H 
WB2#^hffl#m, fiHaffl««©»ttC"3^T 
tt, ft*ft*ft&M*?*«»4RTttftV»)J«. (&) 
B ;MUPIttdlttt*d*Wftc AM P - I S I J V o 
1. 1 1 (1 9 8 8) -p 4 9 5£jSSft5|$ffi^*- 

[0 0 0 4] 

t££i6©5#?£<h LT. 4#liBS 6 0 - 3 0 7 3 

ant-rant-?. w»«k-7;^>im hs««Mtr* 

[0 0 0 5] te©-7JU5 i >-y-'f h#l©!S8ttl6]±&W<hL 

«S*iWW*ftTH4. #1¥6-1 1 6 6 

3 7fi!jll;ll N IIHUH/ft^Oififfi 

i \tmw.mzmmt/b £ttMSft7c*Tfc& t ^ 3 nn 

#^1 1 - 2 2 9 0 7 5*»&*K 

kuk. *Mpa**a&K:iwRrr*»*«©«»:*ife6* 

RB^ft, 5HJi!ftK*»TS T-l 5 5 IMP 

a, Ott*«-r*»riS»"C9 4 5MPajh*0T**fc 

«>. a»*«ftt«fflsn*iSiii«*W!ypifctTi4!i 

[0 0 0 6] *&, WHIT 8-6 7 9 5 0 *&*Ktt. 

MJ >y^X«Ptr^S2 Mm KTOCrRft* (M 
23C 6 ) IB:*-;*T"*"f Mfcftfcl 5~3 

0/zm KSTftflKfrT* 31 1 t'<fcoT, 
Si^iffntl^, LfrU uOMHMOC r 
*lnat&3iT**fc»&. life. tfJIrhHAttOitaMtti: 
C*#-r*fc*©*#RHRfl2*3Wrraj8ft*T. C r 

#B»T*«. *fc, n©SHISl;:«koTlRj±r4«8tt 

[0 0 0 7] *RHtt±eMjft£ffft?'C<&3ftfc 
&©T&0, N i r &£©-&fc7E*©£#SsftI-*># 
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[0 0 0 8] 

LOO, l/*t>CiSJfSAftl:Wt»5f. Mn, 
[0 0 0 9] Tfcfc-fe, *fgBJ3©ii!3£gig$gttlH«, 

o. 8 %caTT*-5fct)*>*^e)-r, ■x—T.j-r^v 

t>©T»D, mass%T, 
Mn : 0. 2%^Mn^2. 0%, 
Cr:Cr^3. 0%*OCr/Mn^2. 5, 
C: (0. 77-0. 12Cr-0. 02Mn) %^C 
^0. 8%. 
Si :Si^3. 0 %, 
A 1 : A 1 ^0. 1 %, 
P : P^O. OU, 
S : S^O. 03%, 

iot«EESftSI«5tt- IB*- 7f« b&©¥ 

0. 6 Aim ©**#ifMt«£«» 2 3 0 0 ym2^(C5 0 

[0 0 10] *JEfc#£LT. 5 6 KIN i ^2. 0%. M 
o^l. 0%, Cu^l. 0%, W£l. 0£#t£T-5 
Ni, Mo, C u&itfW©!*!© 1 8£i±, 3&-5l^«£ 
e,{CV^0. 01%, Ti^O. 01%, Nb^O. 0 
1%, Hf^O. 0 1%, Zr^O. 01%, Ta^ 
0. 0 1 %£#§£-r-5V, Ti, Nb, Hf, Zr&J: 
tXT a©f*3©iati.±, &*W4£6fc (Ca+Mg + 
REM) ^0. 0U^i£t5Ca, Mg, REM© 

&g©^&£Tit5$Stt£*r-r-5©T", #;PhflHPl*t. tf 



[0 0 11] 

Mn : 0. 2 %^Mn^ 2. 0 % 
Mn«j&Att£S5©37ti!iT&-5 £<!:*>(;:, WMTZtZ. 

tTr*WJai«*fi«*fflifc»»s-&*7c»T**. o. 

— 2r, 2. 0 %@©SsiO«$tt©?i5^v;U-r 

14£(£T$-&£,> £©*:©, MniOTESO. 2%, 
#£L<«0. 3%£U -t-©±PBS2. 0%, 

<»4i. 5%t-r^>, 

[0 0 12] 

Cr:Cr^3. 0%, AoCr/Mn^2. 5 

0. »*l<«o. i %«±^io-r^©#<t^. 

U CrS#*3. 0 %£g;i&£&P B l;traif£K:i : LV>Jg 
»»**£i;*©T> Cr©±EI£3. 0%, $f£L<« 
2. 0 Xit*. — C r/MnJfc*»2. 5£@A-5 

1. 5|c»l!H(MMfcO»**R**«WoSfc<tllPUT 
t>$tt£ft±T5#l*£&3©T, Cr/MnOM 

2. SETRcJflfcU *tt >hm h©tttt*«« 

[0013] C: (0. 77-0. 12Cr-0. 02 
Mn) %^C^0. 8 % 

MSTftD. »^b<«0. 7 7%£ATiT5©^J: 

r*9*—9i (Mn, Cr) = (0. 77-0. 12C 
r-0. 0 2Mn) ©ffi£JL±irT-5r.t*<figTa&S. 

[0014] Si : S i^3. 0% 

s i ttK*©fc»ic#»&5cjre**a«» ^©Ssiate 

[0015] Al :AIS0. 1% 

[0016] P : P^0. 01%, S : S^0. 03% 

mznzt. m.^-mtis.E^\^nz.ttzib. p : o. 

0 1 %J£TF, S : 0. 0 3 %£/,TlCit©&o fc*. Stt 

tei&Hrt-egsfiai- s c <t an?**. 

[0 0 17] *8«0flH:±eJ&#£J:EflattFe£:* 
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sa*, *s^ii©tttt*Jietffct»l6HT!«&©5c*s*ao 
o. o 1 5xgflEaTfc&£L£A.&K, set. 

TfEiSH-eNi. Mo, Cu, wo^e.iiK±. * 
•5t/>«$ £> KV, TK Nb, Hf, Zr, TaOll 
,£U:, £l;:C a, Mg, REM 

^) ©flfr 6 1««± ££**T?**. REM 

ttm La, Ce, Pr, Nd, Y£fll£LT*tf 

[0018] Ni^2. 0%, Mo^l. 0%, Cu^ 
1 . 0%, 1 . 0 % 

■£tt&©7C*tts «©i*Att*;fc&fa7ESlnr**. 3£ 
KHiE*iMtL.T«llO-r*^t*«T**. LA>L, 

M©wmttMtni!Snxtt«£iv**&i^©'v. &7cm 

©±»S±E©.k'5fcJfc©S. 

[0019] V^O. 01%, Ti^O. 01%, Nb 
^0. 01%, Hf^O. 01%, Zr^O. 01%, 
Ta^O. 0 1% 

o. o i%m<Dmm\mmmtt)mm£t£?Ti6i&*:& 

TSt5®T, 0. 0 1 %JWT(C±J6-5>o 
[0 0 2 0] 

Ca, Mg, REM©lS£U:©£if-T?0. 0 1 96SKT 

ca, Mg, Rvm*ft&®o>fcmu'm^mtz.WM7t 
pht^o, «H^sesc*-r*a**s#"r*fc»» o. o 

[0021] #tc, *«w*oiai»»''^^TBiwr*. 

[0 0 2 2] *%BJffltt, ±IB©^*50, iSSUVJI/ 

%, #£L<te9 5#:*%5r t 5fe^<t5trLTig?tS^ 
5S«T-5t>©Ta&-5^, «9ttlfi]±©e^e), IBs}— 7. 
T"^ f h©¥i$fttg£ 1 5 mdiRT. £?£L<«:1 0 um 
^TiTS. IB*- 7ft^ 5 urn & 

cast. t»t>«j>*&»«n*nii[««)«*<!:bT«<«k 

[0 0 2 3] #SgBJ38?«, «Btt«J:!5fil±$1i: 

0. 3winJ£AJL, 0. 6 Mm -?;1/^>1M 



0t>l£V»iilfl:*T!*»tntife6ftl». 0. 3 /* m «fc D /J\ 

s^JMbtttt. r^xj ©j**s«iw-r*;:£a«-cs£ 

l/^c*. WI&&©TfK£0. 3 Mm — ^, 

0. 6 (in a±©lAUMk*tt, ^7y^©@,6<t&o 

%<DTm.&0. 3 Mm , *f?SL<«0. 35jii it, 
-£©±{g£0. 6 jum , »*L<ttO. 5 5jii it 

[0 0 2 4] SSlc, ffiK*iftW#fl:«T**»P£b 
T, £Hfci&3©77.^ htfcSO. 86A±<i:i--5. 

mm-rzmtm-ettts.^. m#w:iHai«Kra— »«©# 

©W^H«fc9, #rm**©#«*Stttt©*fcfc*>tt** 

«£Hfc$5©77^ hi££0. 8JJU:£:-f 5*>©T& 
*. 77.^ hifctt, ^«Ogg/gfT*6 

^nsttti&o, 77^ httauicis^s, iftfl:«tt 

[0 0 2 5] S&K, MIB*»#IftflS»©fflR£UT, 
#fg9m*8BF2 3 0 0 Aim 2 ^©^*©®^*^ 0<I 

b&ftlC#£LT^J6T5»Jg£Sgirr£. 2 3 
0 0 tfa2|:5 0«6t±. *f*U<ttl 0 Offl«±©0Wfc 

a*©^fi:&^ofeT;P5r>-y--f h *&**■&■*© tc* 

«&&:»< . 5 0.«**T?ttT»«l*«ttfc©»**«*S 
[0 0 2 6] *C*X«M©lt3t3n«8M#IC-2fr> 

xmwrz. *mwmte. WEai«©*!tf*«JC"r** 

AtlMS^frpStl©^!* (*«) ©tft»Kt>l»TttWK: 

[0 0 2 7] fcotfe. **<WRft;«©»*«8i*J:»5 

(A c m,£ + 10 0) t;£U©i&gT 30»a>61 P*M 
#RH«*3 0 0tK±, i$L<B4 5 0tW±. 

6 o ox:&T£-r*££KJ:-3"c#*;:fca*-e**. - 
R©j*#Anaa©»©ipJi!H»iBi*3 o»iswi*ii:^ 
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[0 0 2 8] «HB«^UfcBf«»a, 77,^ hit. fl 

&©*^$¥&ft$5£#iJv;ux>iM' r-±#fflf&£f#& 

*. JMfcttfCte, Acm^±tllnJ^-r^«^> (Ac 
m,S+8 0) 1CKT. g$L<fi (Acm^+4 0) 1C 

A c mAaTKJnUR"T*»^K:tt, *«rM©Sn**SfT -o 

ttlH^-Xx-t-f h&g©$iJ»£fcWS|-r£©T, Ac 
mjS£t±. $>ZW* J £tl&i.TWm<Dm-&-Z'h> 1 h 
r^rt, »*Ktt3 0»£tl*3i-r*CLt*«a*Hr». 

[0029] noii»a©«i*AnoiBo?>aia*tt, 71 

»3J3aSEO±l8 

ttWKJfcfcfc^a** i*«K»&ft**»fcE©?&3iJ3i 

«T©»«:a— XTvJ-f httflF*ati*. Ms^liHK 

Ms CC) =550-361 XC-39Mn-35V-20Cr-17Ni-10Cu 
-5 (Mo + W) 

[0 0 3 0] ftSAnjfllt, 1200-2300MP 
agg?©3£S£*#-5>J:5tC. 3Sl«ilg£§l!iS£LT&€- 
RL*l3*fM6-r*. &#KLM3T©*i6IiJji*&«T 

-rifflftaftW! t (hr) C3(r»Ttt, «&© <fc ? 1C, T = 
5 7 3~8 7 3©$SHT% A=TX (2 0+log t) ifi 

tEfeTE££ft£?«£3CM&?*H;fJ:t>. 10 0 0 
O^A^ 1 8 0 0 0 

[0 0 3 1 ] EIT, *«5«**tfT*5B^S:J:0*{*:W 



[0 0 3 2] 

[jiikm i 

^jSMrfC^raiPX^ifibTitgl 6 mm. ISl5 0m 

(7 0t) tbfc. ftSSbtByANUSfflijfc. 

6*>6Bl»)fflTST©«fW) BiTlhriLL & 
*5> £l*J:tf 2fctt*#l©Ms;&, Aljft. Acmjft 

[0033] ft&nfcKff©HKiuMUKjeKiktir 

'fc. -«*ttttffffiffl©ttlfcM-l;:iiQIl,fc. mflfcflgffl 

*?:*-r>««£Lfc. BttfHMRIkH- 

$ (HR C) fcirWSIMMWMltLTlWB^-S? 
(HtfICH#fft) 4j|j£l,fc. H1CH$#IS4^ 

[0 0 3 4] jWfSBIB*- XxtM" h»«©WJfctt. J I 
s. g o 5 5 i tcsjesn-s rg?<D^--X7 L ^-'T h*SS 
■titflEttK^ftJ 5#ttLT, jgt^ML5!lS^©S£i(Sf© 

ffiUTaasswa-e-fca, 3t¥WMt»cT«*4 o o 
tj is g o 5 5 1 pmr#4 ttznizmmz&uft 

[0 0 3 5] ttG7HMFlftft4MftC!>M£ti. ft*SL 
4&g«©tm©*i5*fiaW*fcTltigW*Lfc». K 
ftft**«»J* $ nfc ^ «t o ictttt S it 5 C £ & < *© S 
*5X^-f*-;HC2:g>IKI8MtU ft&nfc*MMUIK9i 
£SEM (ttA«l:BAlFE^SEM, WK« S - 

4500) (cTSnasjE2 o k v, mms 0 0 O^TS 

tlfc^H (W2 3 0 0 wm2 ) SX**^— (CT?X0 

(«8M:-EPSONttBEP2 0 0 0. *-5> 
KDMfflV7h:EP Scan! I I 32, 1*3 
a^tt: 2 5 6Mk-, fNMftU PDy^Tf 
hfcU XflttAX. «M1 2 0dpi) . BiOi&A, 
tzM^W^m^J Z> V (The Proven Solutionis!- 1 
mage Pro Plus ver. 4.0.0.11) KTS EM^H±KT 

nttLT«n*fi«tt©a»ft3&*o.8ei±«»9tta 

tLTDtS (¥1^) ^0. 3~0. 6 urn ©fc©^ 1 ? 
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5) O— 0iJSr0 3l^-r. 

CO 0 3 6] mm*- Xft-f h«©jffl5gte> X^ESf 
K«fc-3T#*ifc. X*l[5)#T8«<tLTRAD-RU3 0 
0 (S4**ttS) £ffl<^, XMtlTCoKa^ffl 

M§4 0 kV-2 0 OmAtLTitlt. 5£S 
Ctt*5^S35:0©^^vt;— ££LT, a-Fe(r (2 
0 0) , r-FetC (2 0 0) <7)#t!-^S:S^L-fc:. 

V T =l/((I a /I T ) XK + 1) X10 0 (vol 
%) 

HClfc. V r ST-Fe©flC|»K ( vol%) . I a 
tta-Fe -<2 0 0) ©hT— £3**. I T ttr-Fe 

(2 0 0) ©fc!-2»flETfc*. Sfc. Ktttt*^*?* 
fc K=2. 36 16T$5. 

[0 0 3 7] ®gHRC©j9l5tte, i*&*®£S5S;$« 

[0 0 3 8] lui54^ftif-m®^ J f-vK^«£ATO 

£>, K«JPXlC«fc04S 6 Omm, Hi 5mm, JP3 
1. 5mm©«ttttlfcH-S#JlHU BlfcSTJ^K. 
»JUfcTttlWt2*tttfj£#l 4 0 0MPaT4,^C 
TftoTT*. £©ttittf-2*»*Lfc*&JU£0. 5 m 
o 1 /'J y MKOlfiKfcO. Olmol/'JfhJKOK 



e c £i@;L -5 S3fiK?i5«Sft«tLTllfflfC3S-r 
5it^5, ^lOOOsec ££gfiJ/£«*P£L 

*6tl4TS (5I5S3£$) XEL (#tf) tfSWD 
ttTttfc<, MHBttttKic* J ic**lMrc*LTV» 

14©f?ti5£LT, (tt) B*ftMtt*tttt**«cK*C 
AM P-ISIJ Vol. 11 (1988) -p. 4 
9 sttKiRsnT^sj^i;:, 4Afttf-RMiCH*#- 
»C ± ^ T»tt£ f¥ffl5T-i> C 1 1 Lfc. 
[0 0 3 9] ^n&©aiSI!i***3K#l3:T*"r. 

t&mmf&iz-D^Tit, *mw<Dumm. i~i 4tc^ 

T, No. 1~1 2ttli«i#*5l3SfttSlv;l.f>t 
-i b~X?&£><btlfcfi s . No. 1 3tej&£gLVJl^>lM' 

h©«, &mmT*mm*-7- ; rj-'( b&8%mm* no. 

fc. No. 1 5 tt»ft-7rt'f h# 1 .4 

[0 0 4 0] 
»1] 



01 m 

No, 


it 5* ifc 9t (aanX, : *Htt F e ) 


•c 


A1 j£ 


AcojkL 

t: " 


C 


S i 


M n 


P 


s 


C r 


N i 


A 1 


N 




1 


0.77 


0. 21 


0. 21 


0.009 


0.008 


0. 1 


0 


0. 0300 


0.0060 


Ho:0.6 


258 


729 


764 


2 


0. 74 


0.19 


1. 91 


0. 008 


0.013 


0. 1 


0 


0. 0250 


0.0050 


V:0.05 


205 


710 


746 


3 


0. 63 


0.06 


1. 95 


0. 006 


0.008 


1. 0 


0 


0. 0310 


0.0010 




227 


721 


757 


4 


0. 58 


0.89 


1. 92 


0.007 


0.012 


1. 5 


0 


0.0350 


0.0090 


Tl :0.05 


236 


754 


793 


S 


0.55 


0. 20 


1 . 50 


0. 008 


0.015 


3. 0 


0 


0. 0360 


0.0060 




233 


763 


766 


6 


0. 46 


0. 31 


1. 23 


0. 006 


0.009 


2. 9 


1. 9 


0. 0510 


0.0060 


Cu:0.5, Zr:0.03 


246 


736 


766 


7 


0. 50 


1. 52 


0. 95 


0. 009 


0.026 


2. 3 


0 


0. 0900 


0.0050 


(Ct+Hg+REM) :0. 008 


286 


796 


834 


8 


0. 72 


0. 23 


0. 21 


0.010 


0.005 


0. 5 


0 


0.0310 
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